Introduction
A recent study 111 of the heat capacity of single crystals of ErRh4B4 (Em) revealed that this compound always exhibited superheating behavior when heated from the ferromagnetic state to the coexistence state. The signature of the superheating phenomena was an abrupt, transient cooling of the sample while heating the sample through the transition region, indicating a transfer of entropy internal to the sample from one thermal reservoir to another. In that publication arguments were made that the cooling of the sample was due to an increase in the entropy of the magnetic system (if one adiabatically enters the superconducting state from the normal state a material should warm and not cool). If there is a jump in the entropy of the spin system when the ERB exhibits a superheating process, then there should be an accompanying abrupt decrease in the magnetization of the sample.
We have recently performed a study where both the heat capacity and the magnetization of a single crystal of ERB were measured. The magnetization data were taken in small fields of less than 10 Oe, with the fields applied and magnetization measured both parallel and perpendicular to the easy magnetization axis. Measuring along the easy axis of magnetization the response of the magnetometer includes both the ferrcmagnetic and the superconducting response of the system. With the measurement perpendicular to the easy axis, the magnetic moment of the ERB is very small [2] and therefore only the superconducting response of the system is observed. By making the measurements in the two different orientations we are therefore able to separate the temperature dependence of the superconducting response from the magnetic response.
Experimental details and results
The sample used in the data we report here is different from those used in the previous study and is on the order of 10 mg. It is shaped as a rod with a square cross section, the length to width ratio being approximately 5. The long axis of the rod is parallel to the magnetic hard axis. The magnetization measurements were made with a flux gate magnetometer coupled to the sample with a flux transformer. The applied magnetic fields were limited to a maximum of 10 Oe. There was not an observable difference in the heat capacity data with the application of the magnetic fields. The calorimeter used is identical to that used in the earlier study [l, 
31.
The heat capacity data of this sample is similar to that of the two larger samples measured previously and is shown in figure 1. The main differences between this sample and the others is that the region where the superheating occurs is narrower in temperature. As we determined before, the critical volume for a stable nucleus of the coexistence phase may be very large and in the largest sample we have studied roughly 10 to 13 superheating events occur during the transition. For this smallest sample we can identify two distinct events which occur close together in temperature. For this reason the temperature where the transition from the ferromagnetic to coexistence state transition occurs is well defined. In this sample the superheating occurs between 0.76 K to 0.79 K. Based on our earlier work, we expected to see large transitions in the magnetization at these temperatures. As shown Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19888185 in figure 2 this was not observed. This figure shows the magnetization of the sample measured parallel to the easy axis as the sample is warmed from the ferromagnetic state into the coexistence state.. The correlation of this data with the heat capacity shows that the magnetization starts to decrease at the temperature when the superheating is observed, but there is no jump in the magnetization as expected. Two comments that should be made concerning these results are: 1) the measured ferromagnetic signal was only about 1 % of the saturation magnetization;
2) when warming from the ferromagnetic state with a small field applied, the sample never reentered a complete Meissner state. In fact the sample still had a positive magnetization up to the highest temperatures shown in figure 2 (although the units are arbitrary the zero corresponds to zero magnetization). One can see in this figure the magnetization is still continuing to decrease even at the highest temperatures. The magnitude of the change of the magnetization shown in this figure was the same as when the magnetization was measured perpendicular to the easy axis.
Discussion of results
These results are particularly surprising since the entropy in the magnetic reservoir is expected to be far larger than in any other reservoir associated with the sample. This implies that the magnetic reservoir has states with different entropies but with the same magnetization. There are several possible explanations which cannot be separated by these experiments. The first is that when the spins become disordered and the superconductivity returns, the supercurrents in the sample preserve the state of the magnetization of the sample. This could be similar to trapping flux in a regular superconductor or a signature of the coexistence of magnetism and superconductivity. The second possibility is that, since we are only monitoring a small portion of the magnetization, the jump in the entropy occurs in that fraction we are not observing. Because of the large number of times this experiment has been repeated, we find this unlikely but cannot rule it out. The third possibility is the magnetic system has two states with the same value of the measured magnetization but possess very different entropies. One of these states would be the ferromagnetic state and its magnons and the other would be the coexistence state and its excitations. As we have stated the present experiments are unable to distinguish between the different possibilities for this anomalous observed behavior.
